Ecological systems have a high level of complexity combined with stability and rich biodiversity. Recently, the analysis of their properties and evolution has been pushed forward on a basis of concept of mutualistic networks that provides a detailed understanding of their features being linked to a high nestedness of these networks. It was shown that the nestedness architecture of mutualistic networks of plants and their pollinators minimizes competition and increases biodiversity. Here, using the United Nations COM-TRADE database for years 1962 -2009, we show that a similar ecological analysis gives a valuable description of the world trade. In fact the countries and trade products are analogous to plants and pollinators, and the whole trade network is characterized by a low nestedness temperature which is typical for the ecological networks. This approach provides new mutualistic features of the world trade highlighting new significance of countries and trade products for the world trade.
Results
The mutualistic World Trade Network (WTN) is con- (e) in the plane of indexes p and c, ordered by the total amount of import/export in a decreasing order, are shown in Fig. 1 for years 1968 and 2008 (years 1978, 1988, 1998 To use the methods of ecological analysis we construct the mutualistic network matrix for import Q (i) and ex-port Q (e) whose matrix elements take binary value 1 or 0 if corresponding elements m (i) and m (e) are respectively larger or smaller than a certain trade threshold value µ. The fraction ϕ of nonzero matrix elements varies smoothly in the range 10 −6 ≤ µ ≤ 10 −2 (see Fig. S -2 of SI) and the further analysis is not really sensitive to the actual µ value inside this broad range. It is important to note that in contrast to ecological systems [12] the world trade is described by a directed network and hence we characterize the system by two mutualistic matrices Q (i) and Q (e) corresponding to import and export. Using the standard nestedness BINMATNEST algorithm [17] we determine the nestedness parameter η of the WTN and the related nestedness temperature T = 100(1 − η). The algorithm reorders lines and columns of a mutualistic matrix concentrating nonzero elements as much as possible in the top left corner and thus providing information about causal role of immigration and extinction in an ecological system. A high level of nestedness and ordering can be reached only for systems with low T . It is argued that the nested architecture of real mutualistic networks increases their biodiversity.
The nestedness matrices generated by the BIN-MATNEST algorithm [17] are shown in Fig. 2 for ecology networks ARR1 (N pl = 84, N anim = 101, ϕ = 0.043, T = 2.4) and WES (N pl = 207, N anim = 110, ϕ = 0.049, T = 3.2) from [11, 18] . Using the same algorithm we generate the nestedness matrices of WTN using the mutualistic matrices for import Q (i) and export Q (i) for the WTN in years 1968 and 2008 using a fixed typical threshold µ = 10 −3 (see Fig. 2 ; the distributions for other µ-values have a similar form and are shown in Fig. S-3 of SI). As for ecological systems, for the WTN data we also obtain rather small nestedness temperature (T ≈ 6/8 for import/export in 1968 and T ≈ 4/8 in 2008 respectively). These values are by a factor 9/4 of times smaller than the corresponding T values for import/export from random generated networks with the corresponding values of ϕ. The detailed data for T in all years are shown in Fig. 3 and the comparison with the data for random networks are given in Figs. S-4,S-5,S-6 in SI. The data of Fig. 3 show that the value of T changes by about 30-40% with variation of µ by a factor 1000. We think that this is relatively small variation of T compared to enormous variation of µ that confirms the stability and relevance of ecological analysis and nestedness ordering. The nestedness temperature T remains rather stable in time: in average there is 40% drop of T from 1962 to 2000 and 20% growth from 2000 to 2009. We attribute the growth in last decade to the globalization of trade. The small value of nestedness temperature obtained for the WTN confirms the validity of the ecological analysis of WTN structure: trade products play the role of pollinators which produce exchange between world countries, which play the role of plants. Like in ecology the WTN evolves to the state with very low nestedness tempera-
FIG. 2:
Nestedness matrices for the plant-animal mutualistic networks on top panels, and for the WTN of countriesproducts on middle and bottom panels. Top-left and topright panels represent data of ARR1 and WES networks from [11, 18] . The WTN matrices are computed with the threshold µ = 10 −3 and corresponding ϕ ≈ 0.2 for years 1968 (bottom) and 2008 (middle) for import (left panels) and export (right panels). Red and blue represent unit and zero elements respectively; only lines and columns with nonzero elements are shown. The order of plants-animals, countries-products is given by the nestedness algorithm [17] , the perfect nestedness is shown by green curves for the corresponding values of ϕ.
ture that satisfies the ecological concept of system stability appearing as a result of high network nestendess [12] .
The nestedness algorithm [17] creates effective ecological ranking (EcoloRanking) of all UN countries. The evolution of 20 top ranks throughout the years is shown in Fig. 4 for import and export. This ranking is quite different from the more commonly applied ranking of countries by their total import/export monetary trade volume [19] (see corresponding data in (squares); import and export data are shown in red and blue.
EcoloRank (see Fig. 4 , Fig. 5 and Table I in SI). In a similar way Japan moves down from 4th to 17th position while USA raises up from 3rd to 1st rank. The same nestedness algorithm generates not only the ranking of countries but also the ranking of trade prooducts for import and export which is presented in Fig. 6 . For comparison we also show there the standard ranking of products by their trade volume. In Fig. 6 the color of symbol marks the 1st SITC digit described in [16] and in Table II in SI.
Discussion
The origin of such a difference between EcoloRanking and trade volume ranking of countries is related to the main idea of mutualistic ranking in ecological systems: the nestedness ordering stresses the importance of mutualistic pollinators (products for WTN) which generate links and exchange between plants (countries for WTN). In this way generic products, which participate in the trade between many countries, become of primary importance even if their trade volume is not at the top lines of import or export. In fact such mutualistic products glue the skeleton of the world trade while the nestedness concept allows to rank them in order of their importance. The time evolution of this EcoloRanking of products of WTN is shown in Fig. 6 for import/export in comparison with the product ranking by the monetary trade volume (since the trade matrix is diagonal in product index the ranking of products in the latter case is the same for import/export). The top and middle panels have dominate colors corresponding to machinery (SITC 7; blue) and mineral fuels (3; black) with a moderate contribution of chemicals (5; yellow) and manufactured articles (8; cyan) and a small fraction of goods classified by material (6; green). Even if the global structure of product ranking by trade volume has certain similarities with import EcoloRanking there are also important new elements. Indeed, in 2008 the mutualistic significance of petroleum products (SITC 332), machindus (machines for special industries 718) and medpharm (medical-pharmaceutic products 541) is much higher compared to their volume ranking, while petroleum crude (331) and office machines (714) have smaller mutualistic significance compared to their volume ranking.
The new element of EcoloRanking is that it differentiates between import and export products while for trade volume they are ranked in the same way. Indeed, the dominant colors for export (Fig. 6 bottom panel) correspond to food (SITC 0; red) with contribution of black (present in import) and crude mate- rials (2; violet); followed by cyan (present in import) and more pronounced presence of finnotclass (commodities/transactions not classified 9; brown). EcoloRanking of export shows a clear decrease tendency of dominance of SITC0 and SITC2 with time and increase of importance of SITC3,7. It is interesting to note that petroleum products SITC332 is vary vulnerable in volume ranking due to significant variations of petroleum prices but in EcoloRanking this product keeps the stable top positions in all years showing its mutualistic structural importance for the world trade. EoloRanking of export shows also importance of fish (SITC031), clothing (SITC841) and fruits (SITC051) which are placed on higher positions compared to their volume ranking. roadvehic (SITC732), which are at top volume ranking, have relatively low ranking in export since only a few countries dominate the production of road vehicules.
It is interesting to note that in Fig. 6 petroleum crude is at the top of trade volume ranking e.g. in 2008 (top panel) but it is absent in import EcoloRanking (middle panel) and it is only on 6th position in export EcoloRanking (bottom panel). A similar feature is visible for years 1968, 1978. On a first glance this looks surprising but in fact for mutualistic EcoloRanking it is important that a given product is imported from top EcoloRank countries: this is definitely not the case for petroleum crude which practically is not produced inside top 10 import EcoloRank countries (the only exception is USA, which however also does not export much). Due to that reason this product has low mutualistic significance.
The mutualistic concept of product importance is at the origin of significant difference of EcoloRanking of countries compared to the usual trade volume ranking (see Fig. 4, Fig. 5 ). Indeed, in the latter case China and Japan are at the dominant positions but their trade is concentrated in specific products which mutualistic role is relatively low. In contrast USA, Germany and France keep top three EcoloRank positions during almost 40 years clearly demonstrating their mutualistic power and importance for the world trade.
In conclusion, our results show the universal features of ecologic ranking of complex networks with promising future applications to trade, finance and other areas.
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In Fig. S-1 , in a complement to Fig. 1 , we show the normalized WTN matrix for import m (i) and export m (e) at additional year 1978,1988,1998 . As in Fig. 1 all products and countries are ordered in a decreasing order of product (p = 1, . . . , N − p) and country (c = 1, . . . , N c ) import (left panels) and export (right panels) in a given year. These data show that the global distribution remains stable in time: indeed, the global monetary trade volume was increased by a factor 100 from year 1962 to 2008 (see e.g. Fig. 5 in [20] ) but the shape of the distribution remained essentially the same. Fig. 1 shown for years 1978, 1988, 1998 in panels from bottom to top respectively.
FIG. S-1: Same type of WTN matrix data as in
The dependence of the fraction ϕ of nonzero elements of the mutualistic matrices of import Q (i) and export Q (e) on the cutoff threshold µ is shown in Fig. S-2 . In the range of 10 −6 ≤ µ ≤ 10 −2 there is a smooth relatively weak variation of ϕ with µ.
In Fig. S-3 , in addition to Fig. 2 , we show the nestedness matrices of WTN at various values of the cutoff threshold µ. The data at various µ values show that in all cases the nestedness algorithm [17] correctly generates a matrix with nestedness structure. The variation of the nestedness temperature T with time is shown in Fig. 3 and several values of the trade threshold µ. These data show that in average the value of T for export is higher than for import. We attribute this to stronger fluctuations of matrix elements of m (e) compared to those of m (e) that is well visible in Figs. 1,S-1. As it is pointed in the main part, we attribute this to the fact that e.g. only a few countries export petroleum crude while the great majority of countries import this product. Nestedness temperature T for the model given by random generated networks; here T is computed with 500 random realisations of network for each year using Np, Nc and ϕ of the corresponding WTN data in this year at µ = 10 −3 ; import/export data are shown by red/blue curves respectively.
In Fig. S-4 we show the nestedness temperature dependence on time for the case of random generated networks which have the same fraction of nonzero matrix elements ϕ as the WTN at the given year and µ = 10 −3 . These data, compared with those of Fig. 3 , really demonstrate that the real WTN has values of T by a factor 5 (export) to 10 (import) smaller comparing to the random networks. This confirm the nestedness structure of WTN being similar to the case of ecology networks discussed in [12] . It is interesting to note that for random generated networks the values of T for import are larger than for export while to the WTN we have the opposite relation. The histogram of distribution of T for random generated networks for all years 1962-2009 is shown in Fig. S-5 . Even minimal values of T remain several times larger than the WTN values of T .
In Fig. S-6 we show the dependence of T on the trade threshold µ for the WTN data in year 2008. We see that there is only about 10-20% of variation of T for the range 10 −5 ≤ µ ≤ 10 −3 . Even for a much larger range 10 −6 ≤ µ ≤ 10 −2 the variation of T remains smooth and remains in the bounds of 100%. This confirms the stability of nestedness temperature in respect to broad range variations of µ. We present the majority of our data for µ = 10 −3 which is approximately located in the flat range of T variation in year 2008. The data of Table I for EcoloRanking of countries at two different values of µ in year 2008 confirm the stability of this nestedness ordering. At the same time larger values of µ stress the importance of countries with a large trade volume, e.g. the position of China in export goes up from rank 5 at µ = 10 −3 to rank 3 at µ = 10 −2 .
In Table I we present trade volume ranking and EcoloRanking of top 20 countries for import/export of WTN in year 2008.
In Table II we give the notations and symbols for 
